Two experiments were conducted to examine the effects of prenatal stunting on skeletal muscle and adipose tissue cellularity in swine at 96 and 109 kg live weight. Animals used in Exp. 1 were large (1.56 kg average birth weight) and runt (.97 kg) littermate pigs and pigs with very low birth weight (.79 kg). The pigs with very low birth weight were half sibs to the large and runt littermates. Pigs were slaughtered at 96 kg live weight. Pigs in Exp. 2 were reared in individual cages and pens from birth to slaughter at 109 kg and included large barrows (1.59 kg average birth weight), runt barrows (.83 kg) and runt gilts (.91 kg). Runt pigs in Exp. 1 had fewer Type II white fibers in the semimembranosus muscle than did large pigs, but fiber diameter was similar for pigs in all groups. In Exp. 2, runts had a higher proportion of Type I fibers and fewer Type II fibers than did large birth weight pigs. Since runts that weighed less than .90 kg at birth had less muscle weight and fibers of similar or larger diameter, the data support the hypothesis that lower muscle fiber numbers are associated with prenatal stunting. Frequency distributions of adipocyte diameters were more bimodal in runt than in large birth weight pigs, and average diameter of adipocytes in the perirenal and subcutaneous depots was smaller for runts than for large pigs. There were more adipocytes in the perirenal adipose tissue of runts than in that of large birth weight pigs, and there was a tendency for more adipocytes in the sub-
Introduction
Prenatal stunting is a widely recognized phenomenon in litter-bearing animals. Disease, genetic defects, hormonal imbalances, various environmental stressors and reduction in nutrient supply have been identified as probable causes of prenatal stunting (Lodge and Lamming, 1967) . In utero restriction of nutrient supply to the developing fetus accounts for much of the variation in birth weight within litters of swine (Waldorf et al., 1957; Perry and Rowell, 1969) , guinea pigs (Isben, 1928) , rats (Wigglesworth, 1964) , mice (McLaren, 1965) and rabbits (Roseahn and Greene, 1936) . Widdowson (1971) reported that severely runted pigs had smaller soft tissue vital organs and skeletal muscles, both of which contained fewer nuclei according to DNA analyses. Thus, it was suggested that runts have fewer cells per organ. Also, runts grew slower postnatally and reached a smaller mature body weight (Widdowson, 1971) . At birth, runts and pigs of normal birth weight had muscle fibers of similar diameter, but at 106 kg, runts had fibers of larger diameter in two of four muscles studied (Hegarty and Allen, 1978) . Since runts had lower muscle weights at slaughter but similar muscle and bone lengths, it was concluded that prenatal stunting restricts the 748 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 4, 1981 number of muscle fibers. Runt skeletal muscles also contained more intramuscular lipid (Hegarty and Alien, 1978; Powell and Aberle, 1980) . Little information is available on the effects of prenatal stunting on subsequent growth, development and maturation of adipose tissue or muscle fiber differentiation. This paper reports data on muscle fiber type and size and on adipose tissue cellularity in runt and normal birth weight pigs.
Experimental Procedure
Animals and Sampling Procedure. Experimental animals were those used in Exp. 2 and 3 of Powell and Aberle (1980) . Those two experiments are designated as Exp. 1 and 2, respectively, in this report. Pigs in Exp. 1 were produced from matings of Yorkshire x Duroc x Hampshire sows and Hampshire boars. One runt (900 to 1,000 g) and one large litterrnate (1,500 to 1,600 g) were selected from each of 16 litters. A third group of eight pigs weighing less than 850 g was obtained from six additional litters sired by the same boars that sired the large and runt littermate pigs. These pigs were fostered to one of two sows to ensure survival to weaning. Equal numbers of barrows and gilts were included in the large littermate, runt littermate and fostered runt groups. Management conditions and diets fed have been reported previously (Powell and Aberle, 1980) . Pigs were slaughtered at 96 kg live weight, and, 5 min after death, a sample of outer subcutaneous adipose tissue dorsal to the first rib and about 1 cm to the left of the dorsal midline was obtained for cellularity analysis. Approximately 15 min postmortem, a sample was excised from the medial portion of the left semimembranosus muscle, 3 to 5 cm ventral to the posterior tip of the aitch bone, for histological study.
Pigs in Exp. 2 were of Yorkshire x Landrace breeding and were artificially reared and individually penned from birth to slaughter at 109 kilograms. Three runt males (830 g average birth weight), three runt females (910 g average birth weight) and five large males (1,590 g average birth weight) were used. Animal management and diets have been described by PoweU and Aberle (1980) . At slaughter, adipose tissue samples were obtained for cellularity analysis from the outer and middle subcutaneous depots dorsal to the first rib and from the perirenal depot (5 cm ventral to the left kidney). Perirenal fat was removed and weighed. A sample of intermuscular adipose tissue (fat depot located between the biceps femoris, semimembranosus and semitendinosus muscles) was removed from the left ham 24 hr postmortem. A sample was excised from the semimembranosus muscle as described in Exp.
1.

Adipose Tissue and Muscle Cellularity.
Adipose tissue cellularity was determined by modified versions of the procedures described by Hirsch and Gallian (1968) . Slices weighing 50 to 75 mg and 200 to 300 /am thickness were (1) cut within 30 min of slaughter, (2) rinsed four to five times in 37 C .154 M NaC1, (3) fixed for 72 to 96 hr in 1.875% osmium te~troxide in 50 mM collidine buffer, pH 7.4, (4) rinsed for 24 to 48 hr in .154 M NaC1 and (5) placed in 8 M urea in .154 NaC1 for 24 hr for removal of the connective tissue matrix as described by Etherton et aL (1977) .
Adipocytes were washed through a 250-/am nylon screen with .01% Triton X-IO0, pH 10, and collected on a 20-/am screen. Adipocytes were suspended in .154 M NaC1, .01% Triton X-100, pH 10, and were counted and measured with a Coulter Counter Model TA-II equipped with a population accessory and data acquisition system.
Frequency distributions of adipocyte diameters for each animal were arbitrarily classified as normal, intermediate or bimodal according to the following criteria. A normal distribution was that in which the proportion of adipocytes increased successively with each Coulter Counter channel or in which the percentage decreased from channel 1 to channel 2 (20 to 32 /am) before it increased. Distributions in which the percentage decreased in each successive channel from 1 through either channel 3 or channel 4 (20/am through either 40 or 50 /am) before the percentage increased were classified as intermediate. A bimodal distribution was one in which the percentage of adipocytes decreased in each successive Coluter Counter channel from 1 through 5 or above (diameter of 20 to 64/am or more) and then increased in larger channels.
Average adipocyte diameter and volume were calculated from the mean diameter (or volume) of each Coulter Counter channel over the whole range of adipose cells (Hood and Allen, 1977) . The total diameter (or volume) of cells within a channel was calculated by multi-plying the mean channel diameter (volume) by the number of cells within each channel. Adding these products yielded an arbitrary total diameter (volume). Dividing the total diameter (volume) by the total number of cells counted yielded the mean cell diameter (cell volume) for the population of ceils counted.
Physical separation and proximate analyses procedures have been described, and these data were used for the calculation of total weight of adipose tissue (excluding perirenal fat) in the left side (Powell and Aberle, 1980) . Weight of fat in the subcutaneous depot (Exp. 1) or subcutaneous and intermuscular depots (Exp. 2) was then estimated from the adipose tissue percentage lipid and the total adipose tissue weight, assuming that carcass fat was distributed as follows: intramuscular, 8.5%; intermuscular, 15%, and subcutaneous, 76.5%. This distribution of carcass fat was derived from data presented by Kauffman and St. Clair (1965) . Hood and Allen (1977) indicated that intramuscular fat accounted for 9.2 and 7.0% of carcass fat (as defined in the present study) in Hampshire x Yorkshire and Minnesota 3 x 1 pigs, respectively.
The number of adipocytes in the subcutaneous depot (Exp. 1) or in the perirenal, subcutaneous and intermuscular depots (Exp. 2) was calculated as described by Hood and Alien (1977) . The number of ceils in 1 g of fat was calculated from the specific gravity of fat (.95) and the average cell volume. Number of cells per depot was calculated from the weight of fat in the depot and the number of ceils per gram of fat. In Exp. 2, it was assumed that outer subcutaneous and middle subcutaneous accounted for equal proportions of the subcutaneous depot.
Muscle samples were frozen in isopentane chilled with liquid N immediately after excision from the carcass, and were packaged in sealed polyethylene pouches and stored in dry ice until used for histochemical analysis. The maximum storage time was 30 days. Transverse sections 10 #m thick were prepared in a cryostat at -20 C, mounted on glass cover slips and air-dried. Serial sections were stained for alkali-stable adenosine triphosphatase (ATPase) and reduced nicotinamide adenine dinucleotide-tetrazolium reductase (NADH-TR) as described by Hendricks et al. (1973) . Photomicrographs were obtained of two randomly selected fasciculi in each section, and 20 x 25 cm prints were prepared. Fibers were classified as Type I (negative reaction) or Type II (positive reaction) on the basis of the alkaline-stable ATPase stain (Engel, 1974) . Fiber diameter, defined as the minimum transverse diameter of the fiber, was determined (Hendricks et al., 1973) by measuring all fibers in the fasciculus. The minimum number of fibers measured was 200. Serial sections reacted for NADH-TR were used for classifying fibers as red (positive or intermediate reaction) or white (negative reaction). Type I fibers always gave a positive NADH-TR reaction, and the majority of Type II fibers were negative to NADH-TR (Type ll-white). Those Type II fibers that were intermediate or positive for NADH-TR were classified as Type II-red.
Statistical Analyses. Data were subjected to analyses of variance by least-squares procedures according to the Least Square and Maximum Likelihood General Purpose Program (Harvey, 1960) . Newman-Keuls procedures were used to test for significant differences among treatment means and their interactions (Anderson and McLean, 1974) .
Results
Performance and carcass composition of the pigs in this study were reported previously by PowelI and Aberle (1980) . In Exp. 1, fostered runt pigs produced fatter carcasses with less muscle than did either large or runt littermate pigs. The large birth weight and runt littermate pigs did not differ in carcass composition at 96 kg live weight. Runt barrows in Exp. 2 were less muscular and fatter than large birth weight barrows. Carcass composition of runt gilts was similar to that of the large birth weight barrows.
Differences between experimental groups in proportions of the respective fiber types were not consistent between Exp. 1 and 2. In Exp. 1, percentages of Type I and Type II fibers were similar for runt and large birth weight pigs. Runt pigs tended to have fewer Type II white and more Type II red fibers than did the large littermate pigs (table 1) There were no differences between runt and Mean adipocyte volume was slighdy larger (not significantly) for fostered runt pigs than for large and runt littermates (table 1), even though the fostered pigs had a smaller mean fat cell diameter. This occurred because volume increases with the cube of cell radius, and since fostered runts had a higher proportion of large cells (greater than 100 /~m in diameter) than the other groups of pigs, their large cells made a greater contribution to the total volume calculation and to the mean cell volume. Estimated number of subcutaneous adipocytes reflects the combined contributions of adipose tissue weight and mean fat cell volume. Subcutaneous adipocyte numbers did not differ between groups in Exp. 1 (table 1) .
Frequency distributions of adipocyte diameters in perirenal, outer subcutaneous, middle subcutaneous and intermuscular adipose tissues of pigs in Exp. 2 are depicted graphically in figures 2, 3, 4 and 5, respectively. In all pigs, distributions were classified as either intermediate or bimodal; normal distributions were not observed. Runt pigs had bimodal distributions in perirenal adipose tissue (figure 2) and also in middle subcutaneous tissue (figure 4), with one exception, while the large barrows had both intermediate and bimodal distributions. Runts had a higher proportion of small adipocytes in both perirenal and middle subcutaneous depots (figures 2 and 4) than did large pigs. Adipocyte diameter distributions in outer subcutaneous and intermuscular depots did not differ greatly between runts and large birth weight pigs (figures 3 and 5).
Adipocytes in the perirenal and middle subcutaneous depots of runt barrows and gilts in Exp. 2 were smaller in diameter than those of large barrows (table 3) . Mean cell volume was also lower in perirenal (P<.05) and middle subcutaneous adipose tissue (not (table 3) . Both runt barrows and runt gilts had more perirenal adipocytes (P<.05) than did large barrows (table 3) . Estimated numbers of intermuscular and subcutaneous adipocytes did not differ significantly between runts and large pigs. However, the difference between runt barrows and large barrows in number of subcutaneous adipocytes approached statistical significance (P<.10).
Discussion
Current evidence indicates that muscle fiber hyperplasia in swine is complete at birth (Staun, 1963; Strickland and Goldspink, 1973; Swatland, 1976 ). Thus, factors that limit prenatal fiber hyperplasia are not compensated for by hyperplasia during postnatal development. Restricted hyperplasia caused by in utero stunting should affect parameters of postnatal muscle growth. Hegarty and Allen (1978) found that runt and large pigs had similar muscle fiber diameters at birth, but when compared at equal slaughter weight, several muscles of the runts had larger diameter fibers. Runts had lower muscle weights and muscle lengths equal to those of large birth weight pigs, so it was concluded that runts had fewer muscle fibers (Hegarty and Allen, 1978) . Our comparisons of large birth weight pigs and the smallest birth weight runts (Exp. 1 -large pigs versus fostered runts; Exp. 2 -large barrows versus runt barrows) generally support evidence presented by Hegarty and Allen (1978) . Runt and large birth weight pigs had equal skeletal dimensions based on carcass length (Powell and Aberle, 1980) . Fibers in the semimembranosus muscle of the runts were equal to or larger in diameter than those of large birth weight pigs, and the runts had less total carcass muscle.
Runt littermate pigs (Exp. 1) and runt gilts (Exp. 2) had fiber diameters and muscle weight similar to those of large birth weight pigs in each experiment, which suggests that muscle cellularity in the runts was not affected. However, these groups of runts were about 100 g heavier at birth than the fostered runts (Exp. 1) or runt barrows (Exp. 2). Severity of stunting may ha:,e affected muscle cellularity. Growth rate was slowest and feed utilization least efficient among the more severely runted pi~ (Powell and Aberle, 1980) . Results indicate that there may be a critical birth weight of 900 to 1,000 g above which effects on muscle cellularity, carcass composition and animal performance are much less pronounced.
According to the theory of fiber type differentiation proposed by Ashmore et al. (1972 Ashmore et al. ( , 1973 , primary fibers in the fetus become Type I (3) fibers posmatally and secondary fibers become Type II (c0 fibers. On this basis, the data in table 2 suggest that prenatal stunting suppressed Type II fiber formation in utero, in that runts had a higher proportion of Type I fibers. Proportions of Type I and Type II fibers did not differ between runt and large birth weight pigs in Exp. 1. However, conversion of secondary fibers from Type II to Type I histochemistry has been observed in porcine semitendinosus and biceps femoris during late prenatal and early postnatal development (Beermann et al., 1978) and in bovine longissimus at 175 days of gestation (Ommer, 1971) . Beermann et al. (1978) suggested that prenatal fiber differentiation is neurally regulated. It is recognized that postnatal fiber differentiation is affected by functional demands placed on a muscle. Thus, it is unlikely that fiber type data from the present study can be related to specific in utero effects on primary or secondary fiber formation.
Our experiments demonstrate that runt and large birth weight pigs have different adipose tissue cellularity in several depots. When compared with large pigs on an equal live weight basis, runts that weighed less than 1,000 g at birth had greater proportions of small diameter adipocytes and fat cells of lower average diameter, especially in middle subcutaneous and perirenal depots and, to some extent, in the outer subcutaneous depot. Distributions of adipocyte diameters in these same depots were more bimodal in runts than in large pigs. Mean cell volume was also lower in perirenal adipose tissue of runt pigs than in that of large pigs, and somewhat lower in middle subcutaneous adipose tissue of runt pigs, but differences in cell volume between experimental groups were not as great as differences in cell diameter, because of the cubic relation of radius to volume described earlier.
Adipocyte number data demonstrated greater adipocyte hyperplasia in the perirenal depot of runts than of large pigs.
Bimodal adipocyte diameter distributions have previously been reported for the subcutaneous fat of very obese swine (Alien et al., 1974) and cattle (Alien, 1976) . Alien (1976) suggested that bimodal diameter distributions were due to either a reinitiation of hyperplasia from undifferentiated precursor cells or multiphasic periods in differentiation from preadipocytes and subsequent lipid filling. It is not possible to differentiate between these possibilities from frequency distribution data. However, if Allen (1976) is correct, hyperplasia from undifferentiated cells and(or) recruitment of preadipocytes for lipid filling also occurred in the present study in those depots where bimodal diameter distributions were observed in the absence of changes in cell number. Since runt pigs initiated these processes to a greater degree than large pigs in order to reach a constant live weight, it would follow that runts had fewer adipocytes present initially for lipid filling, which suggests that in utero stunting restricts adipocyte differentiation. Data reported by Widdowson (1971) and Hegarty and Allen (1978) suggest that in utero stunting restricts muscle fiber hyperplasia. Our data suggest that in utero stunting of swine may restrict adipose tissue hyperplasia as well as muscle fiber hyperplasia.
A number of studies have supported the concept of a critical period for adipocyte number determination early in the life of humans and animals. It has been suggested that proliferative activity in rat and mouse adipose tissue deposits ceases at about the 10th week of life (Knittle and Hirsch, 1968; Hirsch and Han, 1969; Johnson and Hirsch, 1972) , and Greenwood and Hirsch (1974) could not find incorporation of thymidine into adipocyte DNA in rats older than 40 days. Anderson and Kauffman (1973) and Hood and Allen (1977) concluded that adipocyte hyperplasia in swine was complete by age 20 weeks and that subsequent enlargement of adipose tissue mass occurred by hypertrophy of existing ceils.
It has recently been demonstrated that obesity induced in adult rats by high fat or high carbohydrate diets increases adipocyte number in several depots (Faust et al., 1978) and that this is a consequence of cellular proliferation rather than of filling of existing preadipocytes (Klyde and Hirsch, 1979) . In those experiments, initial adipose enlargement occurred by means of an increase in mean adipocyte size, but after a certain adipocyte size was reached, further depot enlargement was due mostly to an increase in the number of adipocytes (Faust et al., 1978) . It was suggested that when a certain large adipocyte size is attained, a stimulus for new cell differentiation may be produced, especially when adipocytes are maintained in an enlarged state over a prolonged period. In the present study, bimodal distributions were observed in subcutaneous and perirenal depots when a large number of cells exceeded 100/lm in diameter. Similar results were reported for swine and beef subcutaneous adipose tissue (Allen et al., 1974; Allen, 1976) . Progressive obesity that develops in meat animals grown to higher than normal slaughter weights, or in runt pigs with the same slaugher weight as large birth weight littermates, could cause many adipocytes in a particular depot to reach maximum size. This may stimulate new cell proliferation in a manner similar to that proposed for the rat.
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